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A wide range of p r o p u l s i o n  technologies f o r  space t r a n s p o r t a t i o n  has been 
discussed i n  t h e  l i t e r a t u r e  [ l ,  21. 
t h a t  a s i n g l e  p r o p u l s i o n  technology cannot s a t i s f y  t h e  many m iss ion  needs i n  
space. Space miss ions may i n v o l v e  t h e  fo l l ow ing :  (1) seed l i f e  and c rea te  a 
l i m i t e d  environment, (2 )  t r a n s p o r t  cargo t o  s u s t a i n  l i f e  i n  space o r  on o t h e r  
p lane ts ,  ( 3 )  manned miss ions f r o m  one p l a n e t  t o  another,  ( 4 )  unmanned miss ions 
f o r  deep space e x p l o r a t i o n  o f  our  own galaxy and o t h e r  ga lax ies ,  and (5 )  s e t  
up of spec ia l  purpose i n d u s t r i e s .  There i s  a broad spectrum o f  p o s s i b i l i t i e s  
which could be o u t l i n e d .  However, a n a t i o n a l  agenda can o n l y  determine the  
long term goals. The t ime  frame t o  achieve the  tasks o f  the each goal  and the  
f i n a n c i a l  comnitment r e q u i r e  n o t  o n l y  the  s c i e n t i f i c  and techno log ica l  
comnitment b u t  a l s o  t h e  p u b l i c  concensus. I s ' t h e  f i n a l  goal  o f  space miss ions 
t o  save and preserve the  human race from some c a t a s t r o p h i c  event, t o  b r i n g  
more p r o s p e r i t y ,  o r  bo th?  I f  we Indeed f i n d  l i f e  on another p lane t ,  how w i l l  
our  l ong  t e n  goals  and agenda change? 

I t  I s  c l e a r  f rom t h e  l i t e r a t u r e  rev iew 

Many of t he  technologies tested,  proposed, o r  i n  exper imental  stages 
r e l a t e  to :  (1) chemical and nuc lea r  f u e l ,  (2)  r a d i a t i v e  and corpuscular  
ex te rna l  energy source, (3)  t e the rs ,  ( 4 )  cannons, and ( 5 )  elect romagnet ic  
acce le ra t i on .  
t abu la ted  i n  the  l i t e r a t u r e  [ l ,  21. P r i o r  experience has shown t h a t  
an ex tens i ve  amount o f  f u e l  needs t o  be c a r r i e d  a long f o r  t he  r e t u r n  mission. 
This  requirement pu ts  a d d i t i o n a l  c o n t r a i n t s  on the  l i f t  o f f  rocke t  technology 
and l i m i t s  t he  payload capaci ty .  Consider the  p o s s i b l l i t y  o f  r e f u e l i n g  i n  
space. I f  t h e  r e t u r n  f u e l  supply i s  guaranteed, i t  w i l l  n o t  o n l y  be p o s s i b l e  
t o  l i f t  o f f  more payload b u t  a l s o  t o  p rov ide  s e c u r i t y  and s a f e t y  o f  t h e  
mission. E x p l o r a t i o n  t o  deep space where s o l a r  s a i l s  and thermal e f f e c t s  
fade would a l s o  be poss ib le .  
p l a n e t  o f  exp lo ra t i on .  T h l s  aspect o f  space t r a n s p o r t a t i o n  prompts the  
present  i n v e s t i g a t i o n .  

The scope and l i m i t a t i o n  o f  these technologies i s  w e l l  

Refuel ing would a l s o  f a c i l i t a t e  t r a v e l  on t h e  

I t  i s  known [3] t h a t  about one m i l l i o n  tons o f  hydrogen leaves t h e  Sun 
every second i n  the h i g h l y  i o n i z e d  form o f  protons and e lec t rons .  The p ro tons  
and e l e c t r o n s  s t a y  a p a r t  due t o  the  ve ry  h i g h  temperature. These p a r t i c l e s  
t r a v e l  a t  an average speed of 10 t o  20 km/sec from the  Sun and a c c e l e r a t e  up 
t o  speeds o f  400 t o  3000 km/sec w i t h  an average d e n s i t y  o f  5 t o  20 
par t ic les/cm3.  The d e n s i t y  and speed o f  the p a r t i c l e  emission f rom t h e  Sun's 
corona a r e  dependent upon the  va r ious  phenomena t a k i n g  p lace  a t  t h e  Sun. 
These phenomena a l s o  determine the  a c t i v i t y  o f  t h e  Sun. These phenomena are:  
sunspots, f l a r e s ,  p lages, prominenses, coronal  ho les,  etc.  [4]. 

The speed o f  t he  p a r t i c l e s  from corona t o  p l a n e t s  I s  t r e a t e d  as a 
hydro-dynamic phenomenon by Parker [5] ,  who named t h e  f l o w  s o l a r  wind. The 
f low o f  s o l a r  wind p a r t i c l e s  t o  va r ious  p lane ts  i s  f l u i d  i n  nature,  and I t  
v a r i e s  depending upon t h e  atmospheric cond i t i ons  and magnet ic f i e l d  of t he  
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planet .  I t  may be f u l l y  absorbed by a body such as the  moon, i t  may be slowed 
down and d e f l e c t e d  by a p l a n e t  such as the Earth, o r  i t  may be p a r t i a l l y  
de f l ec ted  and p a r t i a l l y  absorbed by a p l a n e t  such as Mars. The s o l a r  wind 
w i l l  a l s o  e x e r t  pressure on the  p l a n e t ' s  atmosphere. The s o l a r  wind may g e t  
t rapped i n  some p a r t s  o f  space and r e t a i n e d  the re  due t o  the  presence of 
e l e c t r i c  o r  magnetic f i e l d s .  

The author  proposes t o  c o l l e c t  t he  p a r t i c l e  emissions from the Sun's 
corona under th ree  d i f f e r e n t  cond i t i ons :  (1) f n  space c l o s e r  t o  the  Sun, (2) 
i n  the Van A l l e n  B e l t s ,  and ( 3 )  on the moon. The au tho r  w i l l  propose t o  
conver t  the p a r t i c l e  s t a t e  i n t o  gaseous, l i q u i d ,  o r  s o l i d  s t a t e  and s t o r e  i t  
f o r  r e f u e l i n g  space vehic les.  These f a c i l i t i e s  may be c a l l e d  space pump 
s t a t i o n s  and the  f u e l  c o l l e c t e d  as space f u e l .  The c o l l e c t e d  f u e l  w i l l  be 
approximately 90 percent  hydrogen, 9.5 percent  hel ium, and the  remaining o t h e r  
elements. The th ree  c o n d i t i o n s  mentioned above p r o v i d e  the  bes t  p o s s i b l e  
s i t e s  f o r  c o l l e c t i o n  o f  space f u e l .  The methods o f  c o l l e c t i o n  and subsequent 
processing, however, w i l l  vary. The author  I s  concen t ra t i ng  h i s  e f f o r t s  i n  
t h i s  d i r e c t i o n .  P r e l i m i n a r y  est imates o f  f u e l  c o l l e c t i o n  a t  a l l  t h r e e  s i t e s  
w i l l  be made. Future work w i l l  cont inue towards advancing the a r t  o f  
c o l l e c t i o n  r a t e  and design schemes f o r  pumping s t a t i o n s .  
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